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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a novel magnetic head and a magnetic 
recorder capable of realizing the enhancement of high resolution, narrow track 
and high e fficienc y at the time of recording operation in the magnetic head for 
the perpendicular magnetic recording. 

SOLUTION: By steepening the distribution of magnetic field intensity at the 
trailing side, which is discharged from the magnetic head, the transit area of 
the recording bit is reduced and the recordin g resolution is im proved. To put 
it concretely, when an auxiliary magnetic pole, a main magnetic pole 1 and a 
magnetic yoke are arranged in this sequence from the reading side, the bit size 
in the longitudinal direction of recording track is reduced, and the recording 
density is increased. 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
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3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the compound-die thin film magnetic head constituted by carrying out a 
laminating to the thin film magnetic head and the magneto-resistive effect component for reading which are mainly used 
for a vertical magnetic recording. 
[0002] 

[Description of the Prior Art] Densification progresses quickly and, as for magnetic recorder and reproducing devices, 
such as a hard disk drive, the system more than lOGbpsi(s) (a gigabit/(inch) 2) is being put in practical use for surface 
recording density. However, possibility that the data magnetically recorded as it is going to attain this recording density 
using the conventional recording method within a field (longitudinal recording method) disappear under the effect of 
heat and that the so-called thermal agitation problem will actualize is high. It is thought with this point that a vertical 
recording method is advantageous. 

[0003] The resistance over the thermal agitation of a medium is proportional to the product of the magnetization energy 
Ku per unit volume, and the volume V of a particle. In order to lower the anti-field of the medium magnetized in order to 
raise track recording density in the recording method within a field, it is necessary to make thickness of a medium thin. 
Then, the volume V becomes small and thermal agitation resistance falls. Although Ku is raised in order to avoid this 
then, coercive force becomes large and record becomes difficult. 

[0004] On the other hand, since the magnetization direction is the direction of thickness of a medium, it is not necessary 
to make thickness of a medium thin, and in the case of a vertical recording method, also by comparatively small Ku, 
thermal agitation resistance is good and tends to attain densification. 

[0005] Drawing 13 is a conceptual diagram showing the cross-section structure of the magnetic head for the 
conventional vertical recording. That is, this drawing expresses the condition that the magnetic head 100 for record has 
been arranged on a medium 200. 

[0006] In vertical magnetic recording, the medium of the two-layer structure which carried out the laminating of the 
vertical recording layer 212 and the soft magnetism layer 213 is used as a medium 200. 

[0007] The magnetic head 100 for record has the configuration to which the laminating of magnetic York 104 and the 
auxiliary magnetic pole 103 was carried out on the substrate (slider) 101. Furthermore, the main pole 102 is projected 
and formed at the tip of the auxiliary magnetic pole 103. The record coil 107 is formed so that a ring-like magnetic 
circuit may be formed and it may **** with this magnetic circuit with the main pole 102, the auxiliary magnetic pole 
103, magnetic York 104, and the soft magnetism film 213. 

[0008] On the occasion of record, the magnetic head 100 and a medium 200 move relatively. In drawing 13 , the arrow 
head A expressed the direction. And in the tip of the main pole 102, it is concentrated along a magnetic circuit, and the 
MAG generated by the record coil 107 writes predetermined magnetization information in the vertical recording layer 
212. 
[0009] 

[Problem(s) to be Solved by the Invention] Vertical magnetic recording is a method with which the use in high recording 
density is expected, and since it corresponds to this, from the magnetic head, properties, such as high-resolution-izing, 
narrow-track-izing, and efficient-izing, are demanded. However, the head structure for attaining high-resolution-ization 
in the single magnetic pole mold head used for a vertical magnetic recording until now is not found out. 
[0010] this invention person came to do learning of the physical relationship of the main pole 102 and magnetic York 
104 which write in magnetization information being very important for a medium 200, and the conventional magnetic 
head having a big problem at this point, as a result of performing examination original about the conventional magnetic 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



1/9/06 



JP,2001-101612,A [DETAILED DESCRIPTION] 



Page 2 of 7 



head which was illustrated to drawing 13 . 

[001 1] This invention is made based on recognition of this technical problem. That is, the purpose is in setting to the 
magnetic head for vertical magnetic recordings, and offering the new magnetic head and the new magnetic recording 
medium which can realize high-resolution-izing at the time of record, narrow-track-izing, and efficient-ization. 
[0012] 

[Means for Solving the Problem] the result of examination with the original this invention person ~ record of a recording 
track longitudinal direction — in order to raise resolution, learning of it being important making steep distribution of the 
magnetic field strength emitted from the magnetic head at a trailing side was carried out. that is, if the field gradient by 
the side of trailing is made steep, the transition region of a record bit will be reduced — making — record — resolution can 
be raised. 

[0013] That is, the magnetic head of this invention is the magnetic head which records magnetization information on a 
vertical-magnetic-recording medium, and is characterized by making the intensity distribution in said vertical-magnetic- 
recording medium side of the record field emitted in order to have the main pole which writes said magnetization 
information in said vertical-magnetic-recording medium and to write in said magnetization information steeper than the 
leading side in the relative migration direction with said vertical-magnetic-recording medium at a trailing side. 
[0014] And it can have further the magnetic circuit formed of magnetic York magnetically combined with said main pole 
as a concrete configuration of the magnetic head which realizes such magnetic distribution, and said main pole and said 
magnetic York, and the record coil which ****, and said main pole can mention what was prepared in the leading side 
rather than said magnetic York in said relative migration direction with said vertical-magnetic-recording medium. 
[0015] In the main pole being located in a leading side rather than magnetic York, the field gradient in the edge of 
magnetic York of the main pole becomes large, and high-resolution-ization [ in / for the field gradient in the trailing edge 
which determines transition of a record bit / record ] can be realized so much. 

[0016] Moreover, as other concrete configurations, in view of said vertical recording medium, it can have further the 
auxiliary magnetic pole which it retreats, is prepared rather than said main pole, and is magnetically combined with said 
main pole, and said auxiliary magnetic pole can mention what was prepared in the leading side rather than said main pole 
in said relative migration direction with said vertical-magnetic-recording medium. 

[0017] By arranging an auxiliary magnetic pole to a leading side rather than the main pole, the field gradient in the edge 

by the side of trailing of the main pole can be enlarged. Therefore, the field gradient in the trailing edge which 

determines transition of a record bit can be enlarged, and high-resolution-ization in record can be realized. 

[001 8] Furthermore, since magnetic flux can be completed as a point when the cross direction of a recording track is 

reduced if it narrows in the point which approached said vertical-magnetic-recording medium to said relative migration 

direction rather than it was able to set the width of face of said main pole in a perpendicular direction to a bond part with 

said auxiliary magnetic pole, track density can be raised, without lowering a record field consistency. 

[0019] Moreover, said main pole can enlarge the thing constituted by the cascade screen which carried out the laminating 

of the two-layer thin film formed with a mutually different ingredient at least then record magnetic field strength, and a 

field gradient. 

[0020] The soft magnetic characteristics of the Uechi layer with high saturation magnetization can be made to improve 
by using an ingredient with high soft magnetic characteristics for the substrate layer by the side of leading, and 
specifically using the ingredient of high saturation magnetization for the Uechi layer by the side of trailing, and since the 
layer of high saturation magnetization can be arranged into the part which is equivalent to coincidence at the trailing side 
of the main pole, record magnetic field strength and a field gradient can be enlarged. 

[0021] Moreover, when using the layer of a magnetic material like a permalloy, and an insulating layer like SiOx as a 
cascade screen which constitutes the main pole, by considering as the multilayer structure to which the term laminating 
of the layer of a magnetic material and the insulating layer was carried out two or more rounds by turns, electric 
resistance can be made high, securing magnetic coupling with an auxiliary magnetic pole etc., and the effect of eddy 
current ****** in a RF can be reduced. 

[0022] On the other hand, it can have further the field sensing element prepared in the trailing side rather than said 
magnetic York in said relative migration direction, and magnetic shielding prepared in the trailing side rather than said 
field sensing element in said relative migration direction, and detection of said magnetization information recorded on 
said vertical-magnetic-recording medium by said field sensing element being possible, then the compound magnetic 
head of record playback one apparatus can be realized. 

[0023] Moreover, the magnetic recording medium of this invention is equipped with one magnetic head of this 
inventions mentioned above, is characterized by recording magnetization information to a vertical-magnetic-recording 
medium, and becomes the magnetic recording conventionally stabilized in high recording density, and reproducible. 
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[0024] * ' . 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained, referring to a drawing. 
[0025 J Drawing 1 is an explanatory view showing the configuration of the magnetic head by this invention. That is, this 
drawing (a) is an explanatory view which expresses the configuration of a head notionally, and this drawing (b) and (c) 
are the explanatory views showing the example. 

[0026] First, the conceptual diagram expressed to this drawing (a) expresses the condition that the magnetic head 10 of a 
"thin film single magnetic pole mold" has been arranged on a medium 200. 

[0027] A medium 200 has the two-layer structure which carried out the laminating of the vertical recording layer 212 
and the soft magnetism layer 213. And the auxiliary magnetic pole 13 and magnetic York 14 are combined magnetically, 
further, the main pole 12 projects the magnetic head 10 of this invention at the tip of the auxiliary magnetic pole 13, and 
it is prepared in it. That is, the magnetic circuit which consists of the main pole 12, the auxiliary magnetic pole 13, 
magnetic York 14, and a soft magnetism layer 213 is formed, and the record coil 17 is formed so that it may **** with 
this magnetic circuit. And in the tip of the main pole 12, it is concentrated along a magnetic circuit, and the MAG 
generated by the record coil 17 writes predetermined magnetization information in the vertical recording layer 212. 
[0028] On the occasion of record, the magnetic head 10 and a medium 200 move relatively(ln this drawing, the arrow 
head A expressed the relative migration direction of a mediunT^One description of the magnetic head of this invention is 
in the point that the main pole 12 which writes magnetization information in a medium is formed in a leading side (front 
side to the migration direction) to the migration direction, and magnetic York 14 is established in the trailing side (back 
side to the migration direction) to the migration direction. This reason is explained in full detail behind. 
[0029] Drawing 1 (b) is a conceptual diagram showing the 1st example of the magnetic head of this invention. That is, 
each component of the magnetic head 10 which expressed to drawing 1 (a) is prepared on the substrate 11. However, in 
this example, the substrate 1 1 is formed in the leading side. 

[0030] On the other hand, in the 2nd example expressed to drawing 1 (c), the substrate 1 1 is formed in the trailing side. 
However, the main pole 12 is formed in the travelling direction front, i.e., leading, side also in this case as compared 
with magnetic York 14. 

[0031] this invention person — vertical magnetic recording — setting — record of the longitudinal direction of a truck, i.e., 
the line record direction, — as a result of examining uniquely the mechanism as which resolution is determined, it came 
to invent the new configuration illustrated to drawing 1 . here -- first - vertical magnetic recording - setting - record - 
the mechanism as which resolution is determined is explained. 

[0032] Drawing 2 is the conceptual diagram which simplified and expressed generating field distribution of the main 
pole used for vertical recording. That is, the main pole 12 is formed on the vertical recording layer 212 of a medium. 
[0033] As expressed with the arrow head M from the main pole 12, a field is impressed, and magnetization information 
is recorded as magnetization of the vertical recording layer 212 having been reversed in the part beyond the medium 
holding power HcO in a record frequency, and having expressed with the arrow head S. 

[0034] Here, when only the main pole 12 is assumed without taking into consideration the effect by the auxiliary 
magnetic pole 13 and magnetic York 14 which were illustrated to drawing 1 , if magnetic-field-strength distribution of 
the perpendicular direction component in the location of the vertical recording layer 212 is simplified and illustrated 
among the fields generated by the main pole 12, the graphical representation of the lower part of drawing 2 will be 
obtained. That is, the main pole 12 generates the field which has the intensity distribution of abbreviation bilateral 
symmetry to the medial axis. 

[0035] However, these intensity distribution are the things at the time of approximating that the main pole 12 is a "single 
magnetic pole head." That is, in the case of the actual magnetic head, an auxiliary magnetic pole, magnetic York, etc. are 
established in the perimeter of the main pole 12. Therefore, magnetic-field-strength distribution changes according to the 
configuration and physical relationship of each of these elements. 

[0036] On the other hand, the magnetic-field-strength distribution illustrated to drawing 2 expressed what was fixed to 
the main pole 12. That is, during actual record actuation, a record medium rotates and a head 12 and the vertical 
recording layer 212 perform relative motion. 

[0037] Drawing 3 is the explanatory view which expressed actual record actuation notionally. First, as expressed to this 
drawing (a), record by the downward field is started in time of day t= 0. And as expressed to this drawing (b), after 
recording to time-of-day t=tl, as expressed to this drawing (c), a field is reversed in time-of-day t=t2, and the case where 
upward record is performed is assumed. 

[0038] It turns out that transition of the "record bit" formed in a recording layer 12 at this time is decided in the location 
which all serves as magnetic-field-strength H=Hc0 (medium coercive force) in the edge by the side of trailing of the 
main pole 12 (back side to a travelling direction). If the field where the this about zero H=Hc field was added turns into a 
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"trarisitioif region" in magnetization transition and this "transition region" width of face becomes large, resolution will 
fall, that is,, so that an about zero H=Hc field gradient (rate of change of a field) is large — record — resolution can be 
raised.* therefore, the thing for which the field gradient by the side of trailing of the main pole 12 is enlarged - record - it 
becomes the conditions for improving resolution. 

[0039] Next, when the effect by the auxiliary magnetic pole or magnetic York is taken into consideration, the field 
generated from the magnetic head is explained. 

[0040] Drawing 4 is a conceptual diagram showing the result of having calculated distribution of the perpendicular 
direction component in the location of a recording layer in electromagnetic-field analysis among the generating fields of 
the magnetic head by this invention. The distribution is unsymmetrical, although it is near the core of the main pole 12 
mostly about the peak of a generating field when the graphical representation of intensity distribution is seen. For 
example, when an about zero H=Hc field gradient is observed, it turns out that the inclination of magnetic York 14 (part 
shown with Sign A in the graph) becomes steep greatly rather than the inclination by the side of a substrate 1 1 (part 
shown with Sign B in the graph). The reason a field gradient becomes loose at a substrate 1 1 side is that the auxiliary 
magnetic pole 13 which generates the field component of this direction is arranged at the substrate 1 1 side of the main 
pole 12. Moreover, the field component of an opposite direction is emitted from magnetic York 14, and the field of the 
main pole 12 attracts to this why a field gradient becomes steep at the magnetic York 14 side, and it is from ********. 
[0041] One of the descriptions that the magnetic head of this invention is big is in the point which raises recording 
density by arranging this steep field gradient to a trailing side. That is, the magnetic head of this invention has a 
configuration whose magnetic-field-strength distribution to generate is steeper than the leading side in the relative 
migration direction with a vertical recording medium to a trailing side. 

[0042] One of the examples which realizes such magnetic-field-strength distribution is the configuration illustrated to 
drawing 1 and drawing 4 . That is, in the magnetic head illustrated to this drawing, the magnetic York 14 side is arranged 
for the main pole 12 by the leading side at the trailing side, thus, the field gradient by the side of trailing of the magnetic 
field strength which will be generated by the main pole 12 if it carries out - large ~ it can carry out - high record - 
resolution — izing is realizable. 

[0043] Furthermore, when the physical relationship of the main pole 12 and the auxiliary magnetic pole 13 is observed, 
as for the auxiliary magnetic pole 13, arranging to a leading side is more desirable than the main pole 12. It is because 
the main pole 12 and the field component of this direction are generated, so the auxiliary magnetic pole 13 tends to make 
the field gradient of the main pole 12 loose as this was mentioned above. 

[0044] According to this invention, it is possible to raise sharply the track recording density of a recording track 
longitudinal direction as compared with the former. 

[0045] Next, the production approach of the magnetic head by this invention is explained. 

[0046] Drawing 5 is an outline process sectional view showing the manufacture procedure of the thin film single 

magnetic pole mold magnetic head of this invention. 

[0047] First, as expressed to this drawing (a), the thin film layer used as the auxiliary magnetic pole 13 is formed on a 
substrate 11. Furthermore, by ion milling etc., patterning is carried out and the auxiliary magnetic pole 13 is formed so 
that it may retreat rather than the location used as the medium opposed face S (recess). And the insulating layers 15, such 
as SiOx and AlOx, are formed into the etched part, and flattening is performed so that a top face may be set to the same 
level as the auxiliary magnetic pole 13. Next, the main pole 12 projected to the medium opposed face S is formed by 
depositing and carrying out patterning of the thin film layer used as the main pole 12. 

[0048] Next, as expressed to drawing 5 (b), an insulating layer 16 is formed and the record coil 17 is formed on it. 
[0049] Next, as expressed to drawing 5 (c), membranes are formed and flattening of the insulating layers 18, such as 
SiOx, is carried out. And after forming the opening H which results in the auxiliary magnetic pole 13, magnetic York 14 
is formed. Here, as an ingredient of the insulating layer 18 which insulates a coil 17 and magnetic York 14, it is also 
possible to use the organic substance, such as an insulating resist. 

[0050] According to the process which was explained above, the structure where the main pole 12 was formed in the 
substrate 1 1 side, and countered it and magnetic York 14 was formed can be formed. Furthermore, the main pole 12 can 
be made to be able to project to the medium opposed face S, and patterning of the auxiliary magnetic pole 13 and 
magnetic York 14 can be carried out so that it may retreat from the medium opposed face S (recess). By retreating 
magnetic York 14, the field of the main pole 12 generated from magnetic York 14 and the opposite sense can be 
weakened, and turbulence of a record condition can be prevented. 

[0051] As explained above, the track recording density of the direction of a recording track is improvable by considering 
arrangement relation between the main pole 12 and other components as peculiar relation to the migration direction of a 
head. 
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[0052] (Gestalt of the 2nd operation) Next, by improving the flat-surface configuration of the main pole 12 explains the 
recording head which can raise a recording track consistency further as a gestalt of operation of the 2nd of this invention. 

[0053] Drawing 6 is an outline perspective view which illustrates the main pole 12 of the magnetic head concerning this 
operation gestalt. In this drawing (a) and (b), a lower part corresponds to a medium opposed face. Also in any of the 
main poles 12A and 12B, the configuration where the width of face w2 of the opposite side is wide is given to the width 
of face wl by the side of a point, i.e., a medium opposed face. In the process expressed to drawing 5 (a), the main poles 
12A and 12B of such a configuration only change the mask shape at the time of performing patterning of the main pole, 
and can produce it similarly. Although the width of face wl by the side of a medium opposed face cannot widen this at 
the time of a narrow track since it determines the width of recording track recorded on a medium, in order to raise record 
magnetic field strength and a field gradient, it needs to saturate the point of the main pole 12 enough. Therefore, it 
becomes possible by preparing the part of back large width of face like width of face w2 to bring magnetic flux to a tip, 
without making it saturated behind. 

[0054] Drawing 7 is an outline perspective view showing the arrangement relation of the main pole 12 of the magnetic 
head and the auxiliary magnetic pole 13 concerning this operation gestalt. That is, this drawing expresses the condition 
of having joined the main pole 12 with which it expressed to drawing 6 (a) and (b) to the auxiliary magnetic pole 13, 
respectively. Since the main pole 12 is joined to the auxiliary magnetic pole 13 in the broad part of width of face w2, to 
concentration of the magnetic flux near [ this ] the joint, magnetic saturation can be avoided and much magnetic flux can 
be supplied by the tip of the main pole 12. 

[0055] (Gestalt of the 3rd operation) Next, by improving the cross-section structure of the main pole 12 explains the 
recording head which can raise track recording density further as a gestalt of operation of the 3rd of this invention. 
[0056] Drawing 8 is a conceptual perspective view showing the main pole section of the magnetic head concerning this 
operation gestalt. That is, main pole 12C is prepared on the auxiliary magnetic pole 13. And main pole 12C has a 
laminated structure with the Uechi layer 22 which consists of a high ingredient of the substrate layer 21 which consists of 
an ingredient with high soft magnetic characteristics, and saturation magnetization. As an ingredient of the substrate 
layer 21, CoFeRE (alloy of cobalt, iron, and rare earth elements) can be used, for example. Moreover, as an ingredient of 
the Uechi layer 22, a permalloy can be used, for example. 

[0057] Thus, the soft magnetic characteristics of the Uechi layer 22 with high saturation magnetization can be made to 
improve by using an ingredient with high soft magnetic characteristics for the substrate layer 21, and using the ingredient 
of high saturation magnetization for the Uechi layer 22. Since the layer 22 of high saturation magnetization can be 
arranged into the part which is equivalent to coincidence at the trailing side of the main pole 12, record magnetic field 
strength and a field gradient can be enlarged. 

[0058] It is also possible to, combine an insulating layer like SiOx and the layer of a magnetic material like a permalloy 
on the other hand as a cascade screen which constitutes the main pole, in this case - for example, electric resistance can 
be enlarged by considering as the multilayers which carried out the laminating of an insulating layer and the layer of a 
magnetic material by turns, securing magnetic coupling with an auxiliary magnetic pole. By enlarging electric resistance, 
the effect of eddy current ****** inaRF can be reduced. Such a laminated structure can be formed by making thickness 
of for example, each thin film layer into about several nanometers, and carrying out the laminating of several layers 
thru/or about several ten layers by turns. 

[0059] In addition, in drawing 8 , although the case where the flat-surface configuration of the main pole 12 was an 
abbreviation rectangle was illustrated, as this invention was not limited to this, for example, being illustrated to drawing 
6 thru/or drawing 7 as the 2nd operation gestalt of this invention, it cannot be overemphasized that a configuration to 
which width of face becomes narrow in a tip may be given. 

[0060] (Gestalt of the 4th operation) Next, the example which combined the magnetic head for record of this invention 
with the magnetic head for playback is explained as a gestalt of operation of the 4th of this invention. 
[0061] Drawing 9 is a conceptual diagram showing the cross-section structure of the compound magnetic head 
concerning this operation gestalt. The same sign is given to the same part as what was mentioned above about drawing 1 
R> 1 - drawing 8 about this drawing, and detailed explanation is omitted. 

[0062] The compound magnetic head 30 of this operation gestalt has Records Department 30 A corresponding to the 
magnetic head for record mentioned above about the 1st operation gestalt, and playback section 30B which reads the 
magnetization information recorded on the medium. Records Department 30A and playback section 30B are sharing 
magnetic York 14. And in playback section 30B, the field sensing element 32 is formed through the predetermined 
magnetic gap 31 from magnetic York 14, it stands in a row in this further, and magnetic shielding 34 is formed. The field 
sensing element 32 detects the magnetization information currently held at the vertical recording layer 212, and changes 
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and butpifis it to an electrical signal etc. As the example, if magneto-resistive effect components, such as a GMR (giant 
magnetoresistive) component and a TMR (tunneling magnetoresistive) component, are used, playback of high sensitivity 
is realizable, for example. Magnetic shielding 34 has the operation which raises re-biodegradation ability by absorbing 
the leakage field from the perimeter of the record bit which should reproduce the medium which is not illustrated. 
[0063] In this operation gestalt, magnetic York 14 also acts as magnetic shielding of playback section 30B. That is, with 
magnetic York 14 and magnetic shielding 34, the both sides of the direction of a truck are shielded and the field sensing 
element 32 can make high re-biodegradation ability of a truck longitudinal direction. 

[0064] What is necessary is just to form the field sensing element 32 and magnetic shielding 34 through a magnetic gap 
3 1 following on the formation process mentioned above about drawing 5 (a) - (c) on magnetic York 14, in order to form 
the compound magnetic head which was illustrated to drawing 9 . 

[0065] According to the configuration of this operation gestalt, the upper part of Records Department 30A serves as 
broad magnetic York 14, it can serve as this with lower shielding of playback section 30B, and manufacture also 
becomes easy while a configuration is simplified. Moreover, in order to produce playback section 30B later, even if it 
uses the ingredient which needs heat treatment temperature high for the main pole 12, it becomes possible not to affect 
each element of playback section 30B, such as the field sensing element 32, and to expand the width of face of ingredient 
selection. 

[0066] (Gestalt of the 5th operation) Next, the magnetic recording medium of this invention is explained as a gestalt of 
operation of the 5th of this invention. The magnetic head of this invention explained about the 1st thru/or the 4th 
operation gestalt is included in the magnetic-head assembly of for example, record playback one apparatus, and can be 1 
carried in a magnetic recording medium. 

[0067] Drawing 10 is an important section perspective view which illustrates the outline configuration of such a 
magnetic recording medium. That is, the magnetic recorder and reproducing device 150 of this invention is equipment of 
the format which used the rotary actuator. In this drawing, a spindle 152 is equipped with the magnetic disk 200 for 
vertical recording, and it rotates in the direction of an arrow head A by the motor which answers a control signal from 
the driving gear control section which is not illustrated and which is not illustrated. The head slider 153 which performs 
record playback of the information stored in a magnetic disk 200 is attached at the tip of the thin film-like suspension 
1 54. Here, the head slider 153 carries the magnetic head which starts the gestalt of one of operations mentioned above, 
for example near [ the ] a tip. 

[0068] Rotation of a magnetic disk 200 holds the medium opposed face (ABS) of the head slider 153 with the 
predetermined flying height from the front face of a magnetic disk 200. 

[0069] The suspension 154 is connected to the end of the actuator arm 155 which has the bobbin section holding the 
drive coil which is not illustrated etc. The voice coil motor 156 which is a kind of a linear motor is formed in the other 
end of an actuator arm 155. A voice coil motor 156 consists of a drive coil which was able to be wound up in the bobbin 
section of an actuator arm 155 and which is not illustrated, and a magnetic circuit which consists of a permanent magnet 
countered and arranged so that this coil may be put, and opposite York. 

[0070] An actuator arm 155 is held by the ball bearing which was prepared in two upper and lower sides of the fixed 
shaft 157 and which is not illustrated, and has come to be able to perform rotation sliding free with a voice coil motor 
156. 

[0071] Drawin g 1 1 is the expansion perspective view which looked at the magnetic-head assembly of an actuator arm 
155 to the point from the disk side. That is, the magnetic-head assembly 160 has the actuator arm 151 which has the 
bobbin section holding a drive coil etc., and the suspension 154 is connected to the end of an actuator arm 155. 
[0072] The head slider 153 possessing the object for record or the magnetic head for playback of an operation gestalt 
mentioned above is attached at the tip of a suspension 154. A suspension 154 has the writing of a signal, and the lead 
wire 164 for reading, and this lead wire 164 and each electrode of the magnetic head included in the head slider 153 are 
connected electrically. 165 in drawing is the electrode pad of the magnetic-head assembly 160. 

[0073] Here, the predetermined flying height is set up between the medium opposed face (ABS) of the head slider 153, 
and the front face of a magnetic disk 200. 

[0074] Drawing 12 (a) is a conceptual diagram showing the relation between the head slider 153 in case the flying height 
is a forward predetermined value, and a magnetic disk 200. As illustrated to this drawing, in many magnetic recording 
media, the slider 153 which carried the magnetic head 10 usually operates, after only a predetermined distance has 
surfaced from the front face of a magnetic disk 200. In this invention, record and reading of the low noise in high 
sensitivity can be performed rather than before also in the magnetic recording medium of such a "surfacing transit mold." 
That is, by adopting the magnetic head concerning the 1st and 3rd operation gestalt, the main pole can be arranged to a 
leading side as compared with magnetic York, and track recording density can be raised. Moreover, the description of 
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the magnetic head concerning the 2nd operation gestalt is adopted, and the width of recording track can be reduced and 
track density can improve. 

[0075] As the result, a signal can be recorded on a magnetic disk 200 in high density, high sensitivity, and a low noise, 
and signal magnetic flux can also be reproduced. That is, densification, high power, and high sensitivity-ization are 
realized, and recording density can be made high, controlling a heat disturbance. 

[0076] On the other hand, if recording density goes up further, the need of reducing surfacing quantity, making it gliding 
through the place more near a magnetic disk 200, and reading information will arise. In order [ 1 inch ] to obtain the 
recording density of 30G (G) bit extent per square, the spacing loss by making it surfacing becomes large too much, and 
it becomes impossible for example, to also already disregard the problem of crash of the head 10 and magnetic disk 200 
by super-low surfacing. 

[0077] Therefore, the method which contacts the magnetic head 10 and a magnetic disk 200 positively conversely, and 
makes it run a magnetic disk is also considered. 

[0078] Drawing 12 (b) is a conceptual diagram showing the relation between the head slider 153 of such a "contact 
transit mold", and a magnetic disk 200. Also in the magnetic head of this invention, carrying in the slider of a "contact 
transit mold" is possible by preparing DLC (Diamond-Like-Carbon) lubricating film etc. in the contact surface with a 
medium. Therefore, also in the magnetic recorder and reproducing device of a "contact transit mold" which was 
illustrated to drawing 12 (b), by arranging the main pole to a leading side as compared with magnetic York, further, it 
can be stabilized and record playback of high density can be performed now rather than before. 
[0079] In the above, the gestalt of operation of this invention was explained, referring to an example. However, this 
invention is not limited to these examples. For example, the same effectiveness can be done so about an ingredient, a 
configuration, etc. of each element which constitute the magnetic head, using similarly all the range that this contractor 
can choose. 

[0080] Moreover, it is possible only for record not to only be reproduced, and for a medium not to be limited to a hard 
disk about a magnetic recorder and reproducing device, and to use all magnetic-recording media, such as a flexible disk 
and a magnetic card. Furthermore, you may be equipment of the so-called "removable" format which carried out 
dismountable [ of the magnetic-recording medium ] from equipment. 
[0081] 

[Effect of the Invention] This invention does so the effectiveness of carrying out with the gestalt explained above and 
explaining below. 

[0082] first, according to this invention, the transition region of a record bit is reduced by making steeper than a leading 
side the intensity distribution of the field emitted in order to write in magnetization information at a trailing side - 
making ~ record - resolution can be improved. High recording density-ization can be attained controlling the problem of 
a heat disturbance as the result. 

[0083] Furthermore, according to this invention, by making physical relationship of the main pole and magnetic York, or 
physical relationship of the main pole and an auxiliary magnetic pole into a specific thing, magnetic-field-strength 
distribution which was mentioned above can be realized easily, and recording density can be raised. 
[0084] Moreover, according to this invention, by narrowing width of face of the main pole in a point, the cross direction 
of a recording track can be reduced and track density can be raised. 

[0085] Furthermore, according to this invention, by constituting the main pole by the cascade screen, record magnetic 
field strength and a field gradient can be enlarged, the soft magnetic characteristics of the Uechi layer with high 
saturation magnetization can be made to be able to improve, and the effect of eddy current ****** in a RF can also be 
reduced. 

[0086] Furthermore, according to this invention, the compound magnetic head of record playback one apparatus is 
realizable only by adding a field sensing element and magnetic shielding. 

[0087] according to [ as explained above ] this invention - record of a recording track longitudinal direction - while 
raising resolution, the magnetic head and the magnetic recording medium which the consistency of the recording track 
cross direction can also raise can be realized, and the merit on industry is great. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s h ows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is an explanatory view showing the configuration of the magnetic head by this invention. That is, this 
drawing (a) is an explanatory view which expresses the configuration of a head notionally, and this drawing (b) and (c) 
are the explanatory views showing the example. 

[Drawing 2] It is the conceptual diagram which simplified and expressed generating field distribution of the main pole 
used for vertical recording. 

[Drawing 3] It is the explanatory view which expressed notionally the record actuation to which a medium is moved. 
[Drawing 4] It is a conceptual diagram showing the result of having calculated distribution of the perpendicular direction 
component in the location of a recording layer in electromagnetic-field analysis among the generating fields by the 
magnetic head by this invention. 

[Drawing 5] It is an outline process sectional view showing the manufacture procedure of the thin film single magnetic 
pole mold magnetic head of this invention. 

[Drawing 6] It is the outline perspective view which illustrates the main pole 12 of the magnetic head concerning the 2nd 
operation gestalt of this invention. 

[Drawing 7] It is an outline perspective view showing the arrangement relation of the main pole 12 of the magnetic head 
and the auxiliary magnetic pole 13 concerning the 2nd operation gestalt of this invention. 

[Drawing 8] It is a conceptual perspective view showing the main pole section of the magnetic head concerning the 3rd 
operation gestalt of this invention. 

[Drawing 9] It is a conceptual diagram showing the cross-section structure of the compound magnetic head concerning 
the 4th operation gestalt of this invention. 

[Drawing 10] It is the important section perspective view which illustrates the outline configuration of the magnetic 
recording medium of this invention. 

[Drawing 1 1 ] It is the expansion perspective view which looked at the magnetic-head assembly of an actuator arm 155 to 
the point from the disk side. 

[Drawing 12] (a) is a conceptual diagram showing the relation between the head slider 153 in case the flying height is a 
forward predetermined value, and a magnetic disk 200, and (b) is a conceptual diagram showing the relation between the 
head slider 153 of a "contact transit mold", and a magnetic disk 200. 

[Drawing 13] It is a conceptual diagram showing the cross-section structure of the magnetic head for the conventional 
vertical recording. 
[Description of Notations] 

10 Magnetic Head 

1 OA- 10C Magnetic head 

1 1 Substrate 

12, 12 A-C Main pole 

13 Auxiliary Magnetic Pole 

14 Magnetic York 

1 5 Insulator Layer 

16 Insulator Layer 

17 Record Coil 

1 8 Insulator Layer 

3 1 Magnetic Gap 

32 Field Sensing Element 
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34 Magnetic Shielding 

150 Magnetic Recorder and Reproducing Device 

152 Spindle 

153 Head Slider 

1 54 Suspension 

155 Actuator Arm 

156 Voice Coil Motor 

160 Magnetic-Head Assembly 

200 Vertical-Magnetic-Recording Disk 

212 Vertical Recording Layer 

213 Soft Magnetism Layer 
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